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I REMARKS : 



Smwmaryjof Office Action I 

; Claims 1-14, 17-21, and 35-52 are pending. Claiins 15, 16, 22-3k, and 54-64 

t . j 

have been withdbravyn as being drawn to a non-elected species. 

I I 

I Claims 1-3, 7, 14, 17-21, 35, 36, 43, 44 and 51-52 have been rejected variously 

i j 
under 35 l|.S.C. § 102(e) and § 103(a): claiins 35, 36, 43, 44, and 48 as anticipated by Mam 

\ 

U.S. paten| No. 5,828,793 ("Mann"); claim 44 and 51 as anticipated by Tatko US. patent No. 

i 

6,501,504 TTatko*'); claims 1 and 21 as obvious fipom Mann in view of Burger U.S. patent No. 

I 

6,124,974 i^'Burger"); and claims 1-3, 7, 14, 17-20, 45-47 and 52-53 as obvious from Mann in 

I i 

view of Lafoche U.S. patent No. 5,373,322 ("Laroche"). ! 



I 



I The Examiner indicates that claims 4-6, 8-13, 37-42, 49 and 50 cjontain allowable 
subject makter, and that these claims would be allowed if rewritten in suitable ficjrm. 



Applicanfe' Reply ; 

I Applicants appreciate the Examiner's indication of allowable subjject matter in 



claims 4-6i 8-13, 37-42, 49 and 50. 

i 

I Applicants have amended claims 1, 35 and 44 for clarity, AppHdants respectfully 



traverse thb prior art rejections of claims 1-3, 7, 14, 17-21, 35, 36, 43, 44 and Si-Sl. 

\ I 

AripLicants* Invention And Claim Amendments ! 



^ Applicants' invention concerns systems and methods for capturirlg high dynamic 

i i 

i I 
range images using low dynamic range sensors. Apphcants' systems and methojds are able to 

I i * 

capture a t^gh dynamic range image with a low dynamic range image sensor by imposing a 
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spatial var4tion on the scene exposure in a single image frame cjq)tured by the linage sensor. 
The exposijue of the scene is varied spatially (e.g., claim 44) by using arrangemints, which either 
modulate tfie light from the scene (e.g., using an intervening spatially- varying mask, claim 1) or 

f 
1 

by using a^ image sensor that has spatially varying characteristics (e,g., using sensor elements 
with spati^ly varying photosensitivity, claim 35). In either arrangement, the sccbne is imaged or 



exposed in{ a spatially non-uniforai manner by the image sensor (claim 1, 35 and 44), 

I 

I AppUcants note that the tenn " spatially varying exposure " of the scene in a single 

image franie refers to imposed imagine conditions , and not to the inherent dynainic range of the 

scene (i.e Jspatial variations or distributions of hglit intensity radiating from the scene). Thus, 

even for a ['blank" scene having a uniform or constant spatial radiance (i.e., I (x^ y) - constant, 

j I 
for all X add y), applicants' image sensors capture a non-constant image frame (i.e., which is not 

uniform inlx and y). Applicants' inventive concept of imposing "a spatially varying exposure*' or 

1 J 

imaging ol a scene utilizing a spatially non imiform "sensing" capabihty has been fully and 

i I 

repeatedlylexplaincd in the specification. i 



I 



I Applicants have amended claims 1» 35 and 44 to emphasize that jt is the image 
sensor which has a spatially non-uniform sensing capability. For example, claiija 35 now recites 

i i 

" the light-sWsing elements are configured to have respective photosensitivities [] that vary 
spatially afcross the array so that [ ] the array of light sensing elements impose a spatial variation 
the scene ixp_osure ". Similarly, claim 44 now recites "the array of light sensing} that is 
configured so that the sensing capability of the image sensor varies spatially accoss the array 



during thejsensing of the image fiwie, whereby the sensed image frame is an image formed with 



a spatiallyjvarving exposure of the scene . Fxirther, claim 1 now recites " scene light transmitted 

I i 

on to the light sensing elements is attenuated by brightness level amounts that vlary spatially 
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across the toav of light-sensing elements, and wherebv the scene is exposed to ihe litth t sensing 



elements in a spatially varying manner" 



Priar Art Relections 



Independent Claims 35 and 44 



I 



I 



i j 

Claiins 35 and 44 have been rejected as anticipated by Maim (Office Action § 4), 



Applicants! respectfully submit Mann does not stoW;, teach or suggest imposing |a spatial 

r 
I 

variation oh the scene image frame recording conditions as required by claim 35, Like the prior 
art cited the ^phcants (see e.g., specification page 2 lines 15-20), Mann reqi tires exposing 
multiple [qnifonn exposure] temporal images of a scene and then reconstructing an improved 

f i 

dynamic r4nge image from the multiple image frames acquired by a sensor. 



Mann, in paiticxilar, "combines a plurality of differently exposed! source images of 



the same oibject or scene." (Col. 3 lines 34-36). ). Each of Mann's "differently^ exposed" images 
is in fact unifomdy imaged or exposed. Each of Mann's image frames^ which aj e captured on 
photograpiiic fihn, is "differently exposed" by use of different but uniform camdira exposure 



settings (e.jg., lens aperture, exposure time or shutter speed). (See e.g., Col. 5 lines 25-62), 

j ; 
Further, thp image sensor or photographic film used by Mann has uniform properties. There is 

nothing intMann that says or suggests that the image sensor or photographic fihjfi has or should 

I ! , 

have spatially non-uniform photosensitivity or sensing capabilities as is required by applicant's 

i 

\ 

claim 35 ahd44. 

\ 
i 

I In this context, the Examiner mistakenly states that Marm's figurfes 1- 4 are 



"snatiallv 1 



spatially Varying photosensitvities" (Office action §3, page 3, first complete paragraph)). These 



figures in iact represent results scene images, (i.e. "exposed photographs" or 
I -22- 



"scene intensity 
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(See e.g., clol. 5 lines 25- 47). These figures relate, as one would expect, to an iisiage which is 

i ... 

spatially varying simply because of the spatial intensity distribuhon or variation 



inherent itt the 

scene. Th^se figures do not, however, teach, show, or suggest "imaging" or "exposing" the scene 
in a spatiafly varying manner as required by applicants' invention. 

T 

I In particular, Mann does not show, teach or suggest either the claim 35 limitation 
j I 
that the li^t-sensing elements (e.g,, photographic film or CCD) have photosensjitivjties that vary 

spatially across the array, or the claim 44 limitation that the sensing capability ojf the image 

i 

sensor var;*^ spatially across the array of light-sensing elements. 



Claim 44 also has been rejected as anticipated by Tatko, (Office 



Action § 5). 



However, ^Tatko like Mann involves exposing multiple [uniform exposure] temporal images of a 
scene for r-pge improvement (e.g., by alternately exposing "one ftame of the video Q captured at 

} i 

higji gain getting" and "a subsequent frame [] captured at a low gain setting"), (pee e.g., coL 3 

lines 29-3^), Each of Tatko's video frames is an uniform imaging or exposure cf the scei^e using 
I 

the same ^osure setting (e,g., gain, aperture) across the scene. Like Mann, the is nothing in 

i 
t 

Tatko thatishows, teaches or suggests "imaging" or "exposing" the scene in a spatially varying in 
the manncf" of applicants' invention. 



! 



In particular, Tatl<o does not disclose the claim 44 limitation that! the sensing 



capability pf the image sensor varies spatially across the array. 



I 



e over Mann and 



I For at least the foregoing reasons, claims 35 and 44 are patentab! 

\ 

Tatko. Fuhher, claims 36-43 and 45-53 that respectively depend finom claims 35 and 44, also are 

i 

patentable! 
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Independent Claim 1 



j Claim 1 has been rejected as being obvious from Mann in view o 

1 

or Bwger (bffice Action §§ 8 and 9). 



either Laroche 



! Applicants respectfully submit that there is no motivation to combine the 

I 

references jand further, neither Mann, Laioche nor Burger, whether taken individually or in 



combinaticSn, disclose all the elements of claim 1. 

Mann, as discussed above, discloses taking multiple temporal imkges of a scene 



i 



each taken at an unifonn exposure setting, to improve the dynamic range of an ibnage sensor. 

However, its discussed above, Mann does not show, teach or suggest ^'spatially varying" a smgle 
■ 

exposure ok' scene (in a single image frame) to improve the dynamic range of ani image sensor. 

I Laroche, as the Examiner correctly notes (OfSce Action, § 8 pagfe 20), is directed 

! I 

to reducing color edge artifacts and improving edge sharpness in color photography using a color 

I 

mask. In particular, Laroche discloses algorithms for processing color images acquired by a 



conventioiial image sensor using a conventional color filter/mask arrangement. 



(See e.g., col. 2, 



lines 7-29)|. However, applicants submit that the Examine mistakenly states thap Laroche 
provides njiotivation for combination with Mann. Laroche does not show, teach or suggest 
deploying |a color filter/mask mask to "in:^)rove" in any way the dynamic range of the image 
sensor or of the color image. Thus, Laroche fails to provide any motivation to ihclude a mask in 
Mann's scliieme for dynamic range improvement, 

Sinailarly, Burger does not provide any motivation to include a nliask in Mann's 

1 

scheme foi- dynamic range improvement of images of a scene. Burger uses a configuration of 
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.ets) to magnify 



optical deijients (e.g., FIG. 19 stacked array magnifier (SAM) 350 made of lens! 
and/or dett^gnify images (i.e., " to form a scaleable display of flat panel displavs.") (See e.g.. 



Abstract). (There is no increase in the dynamic range of the image by any of Bulger's stacked 

t 

array Tnagcjifiers, which can only change the image size or format, 

I Thus, neither Burger nor Laroche provide any motivation to incl\|de a mask in 

I 

T 

Mann's dyiiamic range improvement schemes. 

1 

I In any case, neither Mann, Laroche or Burger, whether taken individually or in 

! 

combinaticin disclose an intensity mask, that according to claim 1, attenuates "sdene light by 



brightness Wei amounts that vary snatiallv across the arrav of lipht-sensing eleiacnts, and 



whereby tKe scene is exposed to the light sensing elements in a spatially varying manner." 



Thus claim 1 is patentable over the cited references. Further, claims 2-34 that 



depend from claim 1 also are patentable. 
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! For the reasons set forth above, applicants request that prior art rejections of claim 
1-3, 7, 14, i7-21, 35, 36, 43, 44 and 51-53 be withdrawn. Applicants respectfully submit that 
this ^plicJtion is now in condition for allowance. Reconsideration and prompt allowance of 
which are i^uested. 

! If there are any remaining issues to be resolved, applicants request that the 

1 

Examiner liindly contact the undersigned attorney for a telephone interview in order to advance 

j 

the prosecikion of this case. 



Respectfully submitted. 




Manu J. Tejwani 
PTO Rfig. No. 37,952 
Attorney for Applicants 
Baker Botts LLP 
30 Rockefeller Plaza 
New York. NV 10U2 
(212) 408-2614 
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